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Question 1 [20 marks] 


(a) Find the natural domain of the vector function 7 (t) and determine for which t from 


the natural domain the curve 
Pi) =P +S + HE 
is smooth. 
(b) Find the curvature of the curve 
Pi) =P +O +E. 
tor t= 1, 
(c) Find the length of the are given by 
7 (t) = cost i + sint j + 2K, OS ar 
(d) Find the normal plane of the curve 
7 (t) = cos ti + sin tj + 4K 
at t= 5. 


Question 2 [20 marks] 


(a) Find and classify the critical points of f(x,y) = 2? + 4y? —x —2y +1. 


(b) Find the absolute extrema of the above function in the triangle with vertices (0,0), 
(1,0) and (1,1). 


(c) Use Lagrange multipliers to find the minima and maxima of f(x,y) = 2x? — y? on 


the unit circle x? + y? = 1. 


Question 3 is on page 3 
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Question 3 [20 marks] 


(a) Let D be the region enclosed by the y-axis, and the curve given by x = 1 — y?. 


/ Qy" dA. 
D 


(b) Show that the integral (hen e¥ sin x dx — e¥ cos x dy is independent of the path, and 


Evaluate 


find its value by any method. 


Question 4 [20 marks] 

(a) Find the volume of the solid enclosed by the cylinder x? + y? = 1, the ry-plane and 
the paraboloid z = x? + y?. 

(b) Compute the flux of the flow v = city) —2z k through the surface of the sphere 


et+yt2a=l. 


Question 5 [20 marks] 


Decide which of the following statements are true or false. Justify your answer by 


proving the true statements and by providing a counterexample to the false statements. 


(a) A line L, in R’, passing trough a point P and with directing vector @ and a line L» 


in R°, passing trough a point Q and with directing vector 0 do not intersect if the 
mixed product PO -(@x 8) 40. 


(b) If for a function g(x,y) defined on R? the limits lim g(a, 0) and lim, g(0, y) exist then 
x“ yo 


they are equal. 


f(z,y) 
c) If a function f(x,y) defined on R? satisfies lim 2-4 
tc) Hay) (x,y)+(0,0) @? + y? 


tiable at (0,0) and has partial derivatives 2F (0,0) = 2£(0, 0) = 


= (0) then f is differen- 


(d) If a function g(z, y) is differentiable on R? and has a single local minimum then this 


is a global minimum. 


(c) A differentiable vector field @ = u(x, y)i + v(z,y)j defined on R? is conservative if 


div w = 0. 
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